A newly isolated, facultatively methylotrophic bacterium (strain MUSA T ) was investigated. The isolate was strictly aerobic, Gram-stain-negative, asporogenous, motile, rod-shaped and multiplied by binary fission. The strain utilized methanol, methylamine and an apparently narrow range of multi-carbon compounds, but not methane, dichloromethane or CO 2 /H 2 , as the carbon and energy sources. Growth occurred at pH 5.5-9.5 (optimum, pH 7.0) and 16-40 6C (optimum, 28-30 6C). The major fatty acids of methanol-grown cells were C 18 : 1 v7c, C 18 : 0 and 11-methyl-C 18 : 1 v7c . The predominant phospholipids were phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethylethanolamine. The major ubiquinone was Q-10. The strain had methanol and methylamine dehydrogenases as well as the enzymes of the N-methylglutamate pathway (lyases of c-glutamylmethylamide and Nmethylglutamate). C 1 assimilation occurs via the isocitrate lyase-negative serine pathway. Ammonium was assimilated by glutamate dehydrogenase and the glutamate cycle (glutamate synthase/glutamine synthetase). The DNA G+C content of the strain was 64.5 mol% (determined from the melting temperature). Based on 16S rRNA gene sequence similarity (97.0-98.9 %) and DNA-DNA relatedness (36-38 %) with representatives of the genus Methylopila (Methylopila capsulata IM1 T and Methylopila jiangsuensis JZL-4 T
The group of aerobic methylotrophic bacteria (methylobacteria) which do not grow on methane but are able to use methanol, methylamine or other C 1 -compounds as the source of carbon and energy consists, at the time of writing, of about 40 genera with validly published names (Kolb, 2009; Fedorov et al., 2011) . This paper describes the isolation and identification of a bacterial strain, MUSA T , isolated from a banana fruit. The isolate was determined to be a member of the genus Methylopila. At the time of writing, this genus includes three species of strictly aerobic, Gram-negative, non-pigmented facultative methylotrophs with validly published names that assimilate C 1 compounds by the isocitrate lyase-negative variant of the serine pathway: Methylopila capsulata (Doronina et al., 1998) , Methylopila helvetica (Doronina et al., 2000) and Methylopila jiangsuensis (Li et al., 2011) . All these species were isolated from activated sludge.
Strain MUSA
T was isolated from the inner part of a commercial banana fruit (from Ecuador). A sample (5 g) of banana was inoculated into a 750 ml flask containing 200 ml sterile medium 'K' supplemented with (0.5 %, v/v) methanol. Medium 'K' contained (g l 21 ): KH 2 PO 4 2.0; (NH 4 ) 2 SO 4 2.0; MgSO 4 : 7H 2 O 0.025; NaCl 0.5; FeSO 4 : 7H 2 O 0.002, pH 7.2. The flask was incubated for 1 week at 29 u C with shaking (180 r.p.m.). In subsequent enrichments, 20 ml of the previous enrichment culture was diluted 1 : 10 (to a total of 200 ml) with the same medium. Flasks were incubated at 29 u C with shaking for 3 days. The suspension of the enrichment culture was plated onto 'K' agar (2 %; Difco) medium containing 0.5 % methanol to obtain single colonies. The isolated methylobacterial colonies were reinoculated on methanol agar slants, transferred into liquid medium and then again grown on a solid medium for exhaustive inoculation. The reisolated methylobacterial colonies were reinoculated on slant agar. The purity of the isolated culture of strain MUSA T was controlled by light and electron microscopy, as well as by the uniformity of colonies grown on the medium with agar and methanol. ) were used as reference strains. Cell morphology, Gram staining, motility and flagellation were studied for the isolate grown on 'K' agar medium with methanol (0.5 %, v/v). Motility was observed by light microscopy (OPTON.ICM-405). Negatively stained preparations and thin sections were imaged using a JEOL JEM-100B transmission electron microscope at operating voltages of 60 and 80 kV, respectively (Doronina et al., 1998) . Biochemical tests were carried out by using API 20NE and API 20 E strips (bioMérieux) following the manufacturer's instructions. Indole production from 1 mM Ltryptophan was determined with Salkowski reagent (0.05M FeCl 3 in 35 % HClO 4 ) on medium 'K', in which (NH 4 ) 2 SO 4 was replaced with 0.5 % (w/v) KNO 3 . The concentration of auxins was determined from the calibration curve by using standard indole-3-acetic acid solutions. Halotolerance was tested by inoculating the cells into liquid medium 'K' with various concentrations of NaCl (1-3 %, w/v). Growth at different temperatures (4-43 u C), different pH values (pH 5.0-10.0) and with various concentrations of methanol (0.1-7.0 %, v/v) were tested in liquid 'K' medium. Utilization of a wide range of growth substrates was determined after cultivation on 'K' medium for two weeks with methanol replaced by other carbon compounds. Carbohydrates, organic acids, amino acids and methylated amines were added at concentrations of 0.05-0.3 % (w/v), while alcohols were added at a concentration of 0.2-0.5 % (v/v). To test alternative nitrogen sources, (NH 4 ) 2 SO 4 was replaced by the other nitrogen compounds (1 %, w/v). Methane utilization was tested under an atmosphere of methane and air (1 : 1, v/v) in flasks (700 ml) fitted with rubber stoppers containing 100 ml mineral 'K' medium. Autotrophic growth was tested by the same procedure, but under an atmosphere of H 2 : O 2 : CO 2 (7 : 2 : 1, by vol.). Utilization of dichloromethane was tested as described previously (Doronina et al., 1995) .
Enzyme assays of primary and intermediary pathways of C 1 metabolism were performed as described previously (Trotsenko et al., 1986) . The activity of c-glutamylmethylamide (c-GMA) lyase and N-methylglutamate (N-MG) lyase were assayed by the rate of formaldehyde formation from c-GMA or N-MG, respectively (Kimura et al., 1995) . Formaldehyde was quantified colorimetrically with acetylacetone (Nash, 1953) . Enzyme activities were expressed as nmol substrate transformed or product formed in 1 min per mg of protein. Protein was determined by the method of Lowry et al. (1951) .
For analysis of cellular fatty acids the strain was grown at 30 u C in liquid medium 'K'. After 48 h of growth in exponential phase, cells were harvested by centrifugation (5000 g, 20 min), washed with distilled water and freezedried. The fatty acids in freeze-dried cells were extracted, saponified, esterified and measured by GC-MS analysis of fatty acid methyl esters according to the instructions of the MIDI Sherlock MIS system (library TSBA6; version 6.0B) (Sasser, 1990) .
DNA was isolated and purified according to the method of Marmur (1961) . The DNA G+C content was determined by using the thermal denaturing (T m ) method with a Beckman DU-8B spectrophotometer at a heating rate of 0.5 u C min 21 with the calculation according to the method of Owen & Lapage (1976) using the equation: mol G+C5(T m 62.08)2106.4. The DNA of Escherichia coli K-12 was used as the standard. DNA-DNA hybridization experiments were performed as described by De Ley et al. (1970) . PCR-mediated amplification of the 16S rRNA gene was performed using primers described by Lane (1991) . The preliminary screening for sequence similarities were performed with BLAST (http://www.ncbi.nlm.nih.gov/blast), and then the determined 16S rRNA gene sequence was aligned against those of closely related strains obtained from the recent GenBank database releases using CLUSTAL W software (Thompson et al., 1994) . Positions of sequence uncertainties were omitted and a total of 1307 nt were used in the analysis. Phylogenetic relationships were determined by the neighbour-joining method and the programs of the TREECON package (version 1.3b) (Van de Peer & De Wachter, 1994) , with bootstrap analysis of 100 trees. Phylogenetic trees were also constructed using various algorithms implemented in the PHYLIP software package (Felsenstein, 1989) . A sequence similarity matrix was determined by using BioEdit 7.0.9.0 (Hall, 1999) .
The mxaF gene encodes the large subunit of the classical pyrroloquinoline quinone (PQQ)-linked methanol dehydrogenase (MDH), which catalyses the oxidation of methanol to formaldehyde in the majority of extant Gram-negative methylotrophic bacteria (Anthony & Williams, 2003) . Using primers f1003 and r1561 and the protocol developed by McDonald & Murrell (1997) , an approximately 550 bp mxaF gene fragment was amplified from DNA of strain MUSA T . The mxaF gene amplicon was purified using a Promega column and was sequenced on an automatic sequencer CEQ2000 XL (Beckman Coulter) by using the enzyme CEQ Dye Terminator Cycle Sequencing kit (Beckman Coulter). Processing and translation of nucleotide sequence to the amino acid sequence was performed by using Gene Runner (version 3.05; Hastings Software), and the determined MxaF sequence was aligned using CLUSTAL W software. Phylogenetic analyses were carried out by using the TREECON programs of the package with bootstrap analysis of 100 trees ( Van de Peer & De Wachter, 1994) . A phylogenetic tree based on MxaF sequences, showing the phylogenetic position of the novel strain among methylotrophic bacteria, was constructed by using the neighbour-joining method implemented by the TREECON software package (version 1.3b).
The mauA gene encodes the small subunit of the methylamine dehydrogenase which catalyses the oxidation of methylamine to formaldehyde in halophilic (Methylophaga spp.) and non-halophilic methylobacteria (Paracoccus, Methylophilus and Methylobacillus). Using primers mauAf1 (arkcytgygabtaytggcg) and mauAr1 (garayygtgcartgrtargtc) developed by Neufeld et al. (2007) an approximately 270 bp mauA gene fragment was amplified from DNA of strain MUSA T . Sequencing of the mauA gene of strain MUSA T does not reflect its current phylogenetic position, but this study may be used to differentiate members of the genus Methylopila in the future.
Cells of strain MUSA
T were Gram-stain-negative, strictly aerobic, non-sporulating, short rods (0.6-0.761.5-2.0 mm), with rounded ends, motile by means of one or five flagella ( Fig. 1 and Fig. S1 , available in IJSEM Online). Reproduction occurred by binary fission. After 60 h incubation on solidified medium 'K' with 0.5 % methanol at 29 u C, colonies were white or pale pink, convex and circular with entire edges, 1.0-2.0 mm in diameter. The strain grew well on medium 'K' with methanol, methylamine, dimethylamine, D-glucose or D-fructose as the carbon and energy sources. Strain MUSA T grew on complex media such as Luria-Bertani (LB) (Sambrook & Russell, 2001 ) or trypticase soy broth or agar (Sigma). Additional growth factors (vitamins or amino acids) were not required. Growth was not observed with methane, dichloromethane, glycerol, butanol, ethanol, L-arabinose, D-sorbitol, maltose, sucrose, malate, fumarate, acetate, succinate or H 2 /CO 2 as the carbon and energy sources. Growth was observed at 16-40 u C (optimum, 28-30 u C), at pH 5.5-9.5 (optimum, pH 7.0) and with 0-2.5 % (w/v) NaCl (optimum, 0.5 %). The optimum CH 3 OH for growth was 0.1-0.5 %. Voges-Proskauer and methyl red tests and tests for nitrate reduction, production of ammonia and H 2 S were negative. Tests for activities of urease, oxidase and catalase were positive. Pectinase, cellulase, protease, arginine dehydrolase and b-galactosidase activities were absent. Indole production was measured as 8-17 mg ml
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The major cellular fatty acids of a methylotrophically grown culture of strain MUSA T were C 18 : 1 v7c (78.8 %), C 18 : 0 (9.3 %) and 11-methyl-C 18 : 1 v7c (3.1 %). Minor amounts of hydroxy acids (C 16 : 0 2-OH , C 18 : 0 3-OH)were also detected (Table 1) . Major phospholipids of strain MUSA T were phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethylethanolamine (PME). Phosphatidyldimethylethanolamine (PDE) and diphosphatidylglycerol (DPG), unknown aminophospholipids and phospholipids were also detected (Fig. S2) . The major ubiquinone was Q-10.
In order to establish the routes for primary C 1 metabolism in the isolated strain the enzymic activities were determined in extracts of cells grown in the presence of methanol or methylamine (Table S1 ). The strain possessed methanol dehydrogenase, which required alkaline pH and NH 4
+ ions for in vitro activity with phenazine methosulfate (PMS) as an artificial electron acceptor. Two formaldehyde-and formate-oxidizing enzymes were present, i.e. NAD-dependent and PMS-linked. For the first time we detected that a member of the genus Methylopila can oxidize methylamine both by methylamine dehydrogenase and the specific enzymes of the N-methylglutamate pathway. Methylamine dehydrogenase, c-glutamylmethylamide lyase and N-methylglutamate lyase/dehydrogenase (the specific enzymes of the N-methylglutamate pathway) were present in methylamine-grown cells. Formaldehyde was assimilated via the serine pathway, as confirmed by the presence of hydroxypyruvate reductase and serine-glyoxylate aminotransferase. Since strain MUSA T lacked the isocitrate lyase (ICL) activity, it implemented the ICLnegative variant of the serine pathway. The ribulose monophosphate and ribulose-bisphosphate pathways were not involved in primary C 1 assimilation due to the absence of the appropriate key enzymes (hexulosephosphate synthase and ribulose-bisphosphate carboxylase). Primary assimilation of ammonia occurred by both reductive amination of a-ketoglutarate and the glutamate cycle (GS/GOGAT system).
A 1307 nt sequence of the16S rRNA gene of strain MUSA T was obtained and sequence similarities to the related type strains were calculated by using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al, 2012) . The neighbour-joining phylogenetic tree (Fig. 2) T (37.0 %) (results of three replicates ±SD on DNA reassociation data were ±3 %). Phylogenetic analysis also revealed that strain MUSA T clustered with strains of Albibacter methylovorans (96.5 %) and Hansschlegelia zhihuaiae S113 T (96.5 %). Members of the genus Hansschlegelia are non-motile short rods, restricted facultative methylobacteria that display autotrophic growth and operation of the ribulose bisphosphate (RuBP) pathway of C 1 assimilation (Ivanova et al., 2007) . Members of the genus Albibacter are non-motile, rod-shaped, facultative methylobacteria that display autotrophic growth and the ribulose bisphosphate (RuBP) pathway of C 1 assimilation (Doronina et al., 2001) . Members of the genus Methylopila can be distinguished from these two genera on the basis of morphological criteria (motile rods), cellular phospholipids and fatty acids, absence of ribulose bisphosphate carboxylase, operation of the serine pathway of C 1 assimilation and low DNA-DNA hybridization values (Doronina et al., 2001) . (Fig. S3 ). The novel strain was monophyletic with the type species of the genus Methylopila according to the amino acid sequence of the mxaF gene product. So, for the resolution of these groups we used the mxaF gene that encodes the large subunit of the classical methanol dehydrogenase, which plays the key role in oxidation of methanol by methylotrophs.
A derived MauA amino acid neighbour-joining tree demonstrated that strain MUSA T showed high levels of 0.02
Methylobacillus flagellatus KT T (DQ287787)
Ancylobacter oerskovii DSM 18746 T (AM778407)
Methylobacterium nodulans ORS 2060 T (AF220763)

Methylorhabdus multivorans DM13 T (AF004845)
Hyphomicrobium vulgare sequence similarity with MauA from some methylamineutilizing bacteria: Methylobacterium chloromethanicum CM4 T (GenBank accession number YP_002419416), Methylobacterium extorquens AM1 (YP_002963808) (96.7 %), Paracoccus denitrificans SD1 (AEJ28086), P. denitrificans PD1222 (YP_918490) (91.1 %) and Hyphomicrobium sulfonivorans S1 (ABS45456) (86.6 %) (Fig. S4) .
Strain MUSA
T shared several important characteristics with members of the genus Methylopila: they are all chemoorganotrophic and facultatively methylotrophic bacteria with the serine pathway of C 1 assimilation, and their morphology, major phospholipids, quinone component and cellular fatty acid profiles are similar. However, we found at least seven different phenotypic characteristics between strain MUSA T and each of the type strains of the three closely related species (Table 2) . Based on phenotypic, genotypic and phylogenetic properties, strain MUSA T is considered to represent a novel species of the genus Methylopila, for which the name Methylopila musalis sp. nov. is proposed.
Description of Methylopila musalis sp. nov.
Methylopila musalis (mu9sa.lis. N.L. n. Musa a botanical generic name; L. fem. suff. -alis suffix used with the sense of pertaining to; N.L. fem. adj. musalis pertaining to the fruit of Musa paradisiaca var. sapientum from which the strain was first isolated).
Cells are Gram-stain-negative, strictly aerobic, non-sporulating, short rods (0.6-0.761.5-2.0 mm), with round ends, motile by means of one or five flagella. Multiplies by binary fission. Colonies on medium 'K' agar with methanol (0.5 %, v/v) are white or pale pink, convex and circular with entire edges. Grows in complex media such as LB medium or trypticase soy medium and in minimal medium 'K' with methanol, methylamine, dimethylamine, D-glucose or Dfructose as the sole carbon and energy sources. Additional growth factors are not required. Growth is not observed with methane, dichloromethane, glycerol, butanol, ethanol, Larabinose, D-sorbitol, maltose, sucrose, malate, fumarate, acetate, succinate or H 2 /CO 2 as the sole carbon and energy sources. Growth is observed at 16-40 u C (optimum, 28-30 u C), pH 5.5-9.5 (optimum, 7.0). Optimum concentration of CH 3 OH for growth is 0.1-0.5 %. No growth occurs in the presence of 3 % (w/v) NaCl. The Voges-Proskauer and methyl red tests as well as tests for production of ammonia and H 2 S and hydrolysis of casein are negative. Tests for activities of urease, oxidase and catalase are positive. Pectinase, cellulase, protease, arginine dehydrolase and bgalactosidase activities are absent. Negative for nitrate reduction. Produces indole from L-tryptophan on medium 'K' with methanol as the sole carbon and energy source and under ammonium limitation. The major cellular fatty acids are C 18 : 1 v7c, C 18 : 0 and 11-methyl-C 18 : 1 v7c . The dominant phospholipids are phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethylethanolamine. The major ubiquinone is Q-10. C 1 compounds are assimilated via the isocitrate lyase-negative serine pathway. Methanol is oxidized to formaldehyde by methanol dehydrogenase. Methylamine is oxidized to formaldehyde by methylamine dehydrogenases and by the N-methylglutamate pathway enzymes.
The type strain, MUSA T (5VKM B-2646 T 5DSM 24986 T 5CCUG 61696 T ), was isolated from a fruit of Musa paradisiaca var. sapientum from Ecuador. The DNA G+C content of the type strain is 64.5 mol% (T m ). 
